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FOREWORD

This is the final report of 2 study conducted both at the Aerospace Medical
Research Laboratories, Wright -Patterson Air Force Base, and in the Life Sciences
Division of the Paul Moore Research and Development Center of Fairchild Hiller
Corporation (Republic Aviation Division} at Farmingdale, L.I., New York, under
Air Force Contract AF33(615)-1814. The study was initiated in support of Project
No. 7164, '"Biomedical Criteria for Aerospace Flight, ' Task No. 716405, '"Aero-
space Nutrition," by the Air Force technical moritor, Dr. Sheldon London,
Physiology Division of the Biomedical Laboratory. Tke basic study in nutrition
was funded by the National Aerorautics and Space Administration, }annedSpace-
craft Center, Houston, Texas under NASA Defense Purchase Request R-85.

This study was begun under the direction of Dr. Lorraine S, Gall, who
participatedin the major portion of the studyandwas completed wmider the direction
of Mrs, Phyllis E, Riely. Field investigation was carried out by Phyllis Riely,
Donna Geib, Diane Shorenstein. Betsy Moss, and Sandra Jones. The authors wish
to acknowledge the invaluable assistance of Shirley Dunwoody, Fay Ames, Mae
Court, Charlotte Titus, Jacquelyn Miller, Charles Huhtanen, and Dr. Helen
Osburg. The identification of Streptococci sp. was carried out by Mr. Arselus
West, Microbiologist, of the Biospecialiies Branch, AMRL, Wright-Patterson
Air Force Base. The information on staphylococcal distribution and coagulase
activity was carried out under separate contract (AF33(657)-11716) by Mr. Joseph
Rack and Mrs. Bonnie Horstman of Miami Valley Hospital Research Department.

This technical report has been reviewed and is approved.

WAYNE H. McCANDLESS

Technical Director

Biomedical Laboratory

Aerospace Medical Research Laboratories
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The chiective of this study was to collect, under controlled conditions simu-
lating space travel, microbiological data from 13 body areas of 20 subjects and
their specialized environment. These data were evaluated to establish biomedical

criteria for personal hygiene and sanitation for aerospace missions, and {o suggest
possible indices of the deterioration of environmental conditions. Data derived in
the study provided information on microbial dynamics, the effects of confinement
stress on the microbiological populations of individuals, and information on bac-
terial levels in the closed environment. The study strengthened the evidence that,
in general, man can go without bathing for 6 weeks withcut significant deterioration
of the dermis. I pointed out the importance ¢ sampling the groin and glans penis
as "indicator' areas which quickly signal deterioration in hygienic standards. The
specific buildup of both corynebacteria and micrococcaceae species in almost all
sampled body sites wa. significant. Anocther objective of this program was to study
the effects of the various space-type diets on the fecal flora of the subjects. The
data revealed that although the obligately anaerobic character of the feces remained
unchanged, the types of anaerobes recovered differed markedly from those found to
be predominant in the "normai* population. The shift in the types of anaerobic
bacteria is discussed from the viewpoints of vitamin production, lactic acid pro-
duction, and deaminating and decarboxylating activities.
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SECTIONI

INTRODUCTION

The microflora indigenous to the human or found in his environraent plays
an important role in his health and well-being. This relationship becomes even
more imporiant when the human is subjected to conditions associated with space
flight and exploration, not only because these conditions bring the space traveler
into close contact with the microfiora in his environment, but also because
certain space conditions may alter the balance of these microorganisms. Per-
sonal hygiene is one important means of controlling the population of microorgan-
isms associated with man, and a thorough knowledge of the indigenous microflora,
both of the human and of his environment, in the space capsule is of prime impor-
tance in establishing biomedical criteria for personal hygiene and sanitation during
space travel.

Many areas of the incigenous flora of the healthy adult male are poorly
defined, and the complex interaction between members of this flora and their
position in the total economy of the man is poorly understood. In order to define
the effects of space simulation on this flora, baseline data were considered essen-
tial. To obtain these data, 14 body areas of 20 men were cuitured to determine
their microbiological flora. The culturing technique was designed to recover the
maximum numbers of differing organisms and to assess the temporary predomi-
nance of any partirilar group. Numbers were assigned to the relative frequency
of varying groups of microorganisms in an effort to determine any gross change
in the total predominants as a result of the conditions of the experiment. This
numerical treatment of a biological system is not used as an attempt to quantify
the microbial population, but as a guideline to indicate any shifts which may occur
in any particular population of any body area at a particular sampling period.

A wide variety of culturing media was employed in an effort to isolate many
microorganisms which could not be successfully cultured when a limited number
of media were employed. Much of the work carried on by various researchers
has dealt with the pathogenic or pseudopathogenic members of the flora, and less
emphasis has been placed on the normally occurring nonpathogenic types.

————r




The indigenous microflora of the human body maintains elements of an
orderly pattern that is not dictated by chance, but seems to depend on an inter-
action between the host and the microflora itself. Although there tenis to be an
indigenous flora common to the human body, this microflora varics from one area
of the body to another and may also show minor shifts, depending upon the activity
of the subject as well as upon the microorganisms present. A determination of the
microflora in the environment of the space traveler will allow an evaluation of the
extent to which the indigenous microorganisms of the human spread to his environ-
ment, particul?~ly under conditions of space travel.

In this study of biomedical criteria for personal hygiene, it was difficult to
assess the effects of any change in the indigenous flora because the experiments
were of a limited duration and character. However, any buildup of microorganisms
on the body which greatly exceeded a baseline numerical analysis will be noted and
discussed.

Microorganisms are usually grown in noncontinuous culture media. Under
these conditions bacterial viability, growth rate, and metabolic activity are rapidly
altered by the accumulation of the metabolic end-products of the medium as well
as changes in the nutrient content, redox potential and pH of the medium. This
must be considered in any evaluation of in vitro results, since in the intestine

proper, a continuous flow culture exists.

Fecal cultures reflect those organisms present in the stool. and it is essen-
tial to consider that viable bacterial populations in the stool are not necessarily
completely representative of what is present in the infestine and that the enumer-
ation and characterization of these organisms depend on observations based on
their growth on artificial media. Since conditions within the intestine are recog-
nizably different, it is entirely possible for species present in the intestine in
small numbers to overgrow the predominant organisms unless proper culiuring
techniques of dilution with appropriate media are instituted promptly.

The changes in the fecal flora will be discussed; however, the interpretation
of these changes will be suggested, rather than absolute, due to the limited time

span of the experiment. This is essential since, for example, it will be very




difficult to assess the change in vitamin production or utilization by varying
members of the intestinal ecosystem. The effects of the interaction between the
1osi and bioia and the differing groups of this biota may not be obvious as it will
be difficult to evaluate their positive or detrimental activity. In addition, many
of these effects may be difficult to recognize since they have never been clearly
defined. The relationship of the indigenous biota to the nutrition of the host under
normal conditions is considered {o be a prime physiological factor in the ability
of the host to remain in nutrient balance. In addition, antibodies are formed by
the host against certain of the minority members of the indigenous flora, but
these a...:hodies are not strong enough to protect the host when large segments

of the flora are changed by the administration of antibiotics. Many recent studies
have indicated that a specific agent (which has not been isolated) is produced by
some member of the normal flora and is essential in maintaining the equilibrium
which is normally present(l). A radical shift in the proportions of carbohydrate
to protein to fat will change the relative prevalence of the many members of the
flora. This is an unfavorable physiological state for the host since many groups
of organisms; i.e., enterococci and slow lactose fermentors of the Entero-
bacteriaceae group will rapidly become prevalent under the different dietary
regimens.

The number of lactobacilli are increased by feeding large quantities of
lactose. In addition, it is well documented that the feeding of diets high in meat
protein, gluten, or casein results in a decrease in bacteroides or a concommitant
increase in coliform organisms and enterococci. High butterfat content in the
diet seems to inhibit the growth of E. coli and Proteus vulgaris(z).

Many animal studies have shown that the microbiota drastically influenced
the rate of growth, utilization of nuirients, and resistance to infection 2nd stress(B).
Other recent animal studies have shown that some fypes of microflora seem to
have undergone an evolutionary adaptation with their host and contributed to the
effective functioning of his gut(4). Other microorganisms seem to possess an
ability te produce infection and hence elicit a protective response in the host which
keeps them in check, unless the resistance of the host is lowered or the major
predominant microflora are eliminated by antibiotics. In addition, 2 third seg-

ment of the flora is that acquired accidently either by contact or through the diet.
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This segment of the flora can be either pathogenic or harmiess, dependent u

the physiological state of the host at the time of contact, Those bi&ehemieai
t

abmty to synthesize blologlwny active substances such as amino acids, bile,
and the by-products of these microbial interactions are all important to the
physiological status of the host.

An association between the presence of proteins in the gut, intestinal bac-
teria, elevated blood ammonia levels, and hepatic coma is now widely accepted,
although the precise role of ammonia in hepatic coma is not defined. The impor-
tance of the colonic microorganisms in the pathogenesis of the portal system has
been emphasized by recent advances in the modes of treatment of colonic infec-
tion(s). The ammonia production is dependent not only on the numbers and kinds
of organisms present, but also on the nature and quality of the nitrogeneous sub-
strate that reaches the bacteria in the lower intestine.

The current knowledge of enteric bacterial populations is being investigated
to delineate the normal variation in the quantity or quality of this enteric flora.
At the present time, the mechanism by which bacteria residing in the intestine
impeir proliferation is not clear, and their activity seems to be greater than the
production of colicines or astibiotics would account for. It is necessary to con-
sider the competition for nutrients in the gut. since changes in the nuirients
offered to the "normal" flora result in a shift in the predominating flora. This
may be the result of the competition for fermentable nuirients in a relatively
reduced environment and is a2 result of microbial interaction.

Even less is known about the effect of those microorganisms indigenous to
the skin of man. The study of these microorganisms has mainly been directed
toward evaluating their presence in disease states, and little is known of the
protective or destructive mechanisms of this flora. For this reason, primary
emphasis has been placed on defining those groups of microorganisms indigenous
to the outer layers of the skin in areas which may be influenced by the mode of
personal hygiene employed. Changes in the relative predominance of these varied
groups of microorganisms will be noted and interpreted, as will the effects of
space suits, increased temperature, increased humidity, and the effeci of con-
finement.
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This research programn has Leen designed i obidain microbiological data
pertaining to the following areas: secalp, ear, eye, nose, buccal or gingival area,
throat, axilla, winbilicus, forearm, groin, glans penis, anal fold, and toes, as
well as the feces. Each area must be considered separately, since there are
conditions peculiar to each site which will influence both the kinds and numbers
of bacteria occurring. In addition, there may be a certain interchange of micro-
organisms from one part of the body to another where their indigenous characier
may be questionable. Thus 2ny one cof the areas of the body may harbor not cnly
their own peculiar indigenous fiora, but also 'transient" flora which is primarily
considered to be characteristic of anather area of the body.

The eye, ear, nose, and throat are locaied in rather close proximity, but
each has a number of conditions peculiar to the individual areas which will influ~
eice the microflora, Two factors which influence the microbial flora of the eye
are an antiseptic secretion from the tear duct as well as the mechanical actica of
the lids. In addition, the normal microflora of the eye produces antibiotics. The
ear secreies a ‘waxy material which offers peculiar nutrients favorable to certain
bacteria such as members of mycobacteria and fungi. The nose presents certain
special conditions in the form of nasal secretions and protective hairs which help
to screen out prodigious numbers of microorganisms so that only a few of the up
to 14, 000 microorganisms that enter the nose each hour survive(s). The biota of
the throat has had more recognition than most other parts of the body, but this
attention has been specialized according to the particular interest of the individual
worker to the detriment of defining the overall biota. The throat has certain
specialized areas, including the tonsilar crypts, which offer many locations for
barboring microorganisms and which present the anaerobes with a very favorable
condition for growth.

Although the ekin covering the whole body has similar characteristics,
several areas present their own peculiar conditions. For example, the axillary
region contains many hair follicles and is also a region of maximum perspiration.
The umbilicus also harbors a rich microflora because it is recessed and has folds
and creases. The groin, because of the close apposition of skin areas, is particu-
larly subject to a breakdown of the primary layer of skin and ensuing local inflam-
mation and infection. Its locale is such that not only skin organisms but also those
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of fecal origin may be found. The anal fold is, of course, particularly subject to
contamination from the fecal organisms, and the numerous fissures {which may
be influenced by the amount of bulk in the diet) offer an excellent habitat for the
microorganisms, including some of the obligate anaerobes which predominate in
the feces. Other specialized areas which must be considered are the scalp and
the toes. The numerous hair follicles on the scalp and the unique protection
afforded by the hair seem to favor fungal growth as well as certain other types of
bacteria. The moisture found between the toes offers ideal conditions for certain
types of fungi. An important area to consider is the glar., penis since the hygienic
measures possible in spacecraft, of necessity, 2re limited. Communal sharing of
sanitary facilities might easily lead to spread of infection. Among the skin areas
considered here. ail were essentiaily protected sites. It is important to consider
an exposed area such as the forearm since environmental contamination could
most easily be demonstrated in such an area.

The intestinal tract presents entirely different conditions for bacterial
growth from any of the sites of the human body already discussed. The intestinal
tract is essentially an anaerobic area in which fragments of undigested food and
body secretions are accumulated. The microflora of the feces reflects these
specialized conditions and is predominantiy anaerobic.

The indigenous microflora of the environment surrounding the subject also
will vary from site to site. Cer’ain types of microorgrnisms will collect mcre
frequently in areas where dirt and dust accumulate, whex as other microorganisms
associated with the human body will tend to be found in the experimental areas of
heaviest human occupation. Some types of microflora such as fungi thrive in damp
situations, whereas many spore-forming microorganisms may survive in areas so
dry or hot that nonspore formers would be largely eliminated. These probable
diffcrences in the microbial types were considered in the choice of the representative

areas of the environment which were sampled.

Normal'' variations in microbial populaticns must be determined prior to
any attempt to assess the importance of relative shifts in any segment of this popu-
lation. During a normal day, changes in the activities of the subjects will influence
the quantity of perspiration secreted, the pH of this fluid, and the temperature of




self. The elapsed time between hygienic procedures and the actual
le is an importani consideration in the interpretation of the
results. The amount of activity associated with the daily schedule of the sub-
jects will influence the numbers and kinds of microorganisms recovered in the
environment. The relative humidity and temperature of the atmosphere in the
space simulator are contributing factors to the micrecbial popuiation of the en-

vironment as is 2ny shift in the guseous environment.

The experimental design required the establishment of a strict experimental
protocol in order to define the bacterial and fungal flora. This included the iso-
lation of the subjects from other individuals and from the environment extermai to
the room. In addition, any break in the isolation procedure was monitored and
necessitated the use of procedures normally associated with hospital operating
room technique; c.g., the donning of sterile garments by the personnel involved.

Of prime importance to the successful culturing of the varied body areas
and environment is the acequacy of the sample procured. Bacteriological sampling
by subjects living under simulated space system conditions required close super-
vision to ensure that the samples were truiy representative of the area and that
they were handled according to established procedures including immediate cultur-
ing. Of equal importance is the adequacy of the culturing schema which was de-
vised to consider both aerobic and anaerobic Lacteria and included many differential
media in order to obtain the maximum information within the framework of the
cultural workload.

During certain periods of the experiments, subjects were confined to the
Aerospace Medical Research Laboratories Life Support System Evaluator which
is an 1100 cu. f£. man-rated chamber in which humidity, temperature, and partial
pressure of gaseous constituents can be controlled. This facility is used to simu-
late various space mission profiles. The taking of samples by the subjects while
in the Evaluator presented several significant problems. It was essential that the
media (particularly the anaerobic) were transferred into the chamber immediately
prior to the culturing period. The use of proper technique in swabbing and in
adding the swab to the broth was important in the accaracy of the results. It was
essential to instruct the subjects in the technique of swabbing in the various areas
and in the addition of the swab to the culture tube.




A review of the literature pertinent to all phases of this study has been
completed and two texts are preeminent: Microorganisms Indigenous to Man by
Theodor Rocebury('::' and The Ecology of the Human Skin by Mary J. Marplee(s).
Both of these authors have asseémbled tables dealin  with the "normal" flora and
based on the work of many authors. These tables are included in Appendix O in
order that the results from this study may be compared with the "normal’ flora
shown in these tables. Comparisons will be made with other authors!® studies in

specific instances where additional information will strengthen this study.

Many studies have been conducted on people who were institutionalized for
various reasons and the results may be a reflection of the heaith and well-being
of the subjects. Our study was concerned with microbiological data ottained from
nealthy young men. In addition, the microfiora of these same men was sampled
a signpificant number of times during a six-week period of confinement. The data
from the early sampling periods will be a reflection of the *normal" basgeline
flora of the subjects; and following entry into the Evaluator, will reflect the
effects of confinement, stress, and space-{ype diets upon this flora.




SECTION I

MATERIALS AND METHODS

A. COLLECTION OF SAMPLES

The procedure for the collection of samples from the body areas, feces,
environmental and miscellaneous areas are described for each class of samples.

1. Body Areas

Two swabs from each body area were collected by subjects in either
the controlled activity facility or Evaluator at 8-10:00 a. m. on specified days
(Table 1). One swab was placed in 10 ml of Gall's broth plus cysteine for anaero-
bic cuituring and one was placed in 10 ml of heart infusion broth for aerobic
culturing. Collection was made by swabbing a2 1 by 1/2-inch area as follows:

a, Eye: Evert lower eyelid and swab conjunctiva gently, following
contour of eyelid with swab.

b. Groin: Swab from front toward rear.

c. Axilla: Swab with care to get specimen from skin below hair
area,

d. Throat: While depressing tongue, swab tonsillar area.

e. Mouth Area: Swab gingival margin adjacent to the last upper
right molar.

f. Glans Penis: Swab specified area of skin of glans, or between
glans and foreskin.

g. Ear: While pushing earlobe down and toward neck, gently swab
external auditory canal with a circular motion.

h. Nose: While pushing the fleshy tip of the nose upwards, gently
insert swab and rotate.

i. Umbilicus: Gently expose deeper folds of umbilicus by pulling
upwards on surrounding abdominal tissue in order to swab all
areas.

j. Anal Fold: Gently roll swab over area immediately adjacent to
external anal sphincter.

k. Toes: Swab area between toes.
i. Scalp: Swab with a scraping motion within the area of hair growth.
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m. Tongue: Roll swab from left to right on posterior portion of
tongue.

n.  Gingival (Experiment IX only): Dertal instruments were em-
onloyed to obtain sainples from the appropriate areas.

For purposes of approximate quantitation each swab was considered to contain
about ¢, 01 gm of sample.

2. Feces

Fecal samples were eliminated into plastic containers and were
cultured within 15 minuies of elimination.

3. Enviranmental Areas

Aercbic cultures were made from several room areas, using two
procedures:

a.  Sedimentation plates of blood, MacConkey's, actinomyces agar,
and phytone yeast were made from the following rcom areas as
indicated on Table 1 by exposing the plates for 30 minutes.

L] Tables, fore {(eating) and aft {games, eic.)
L Bed
L4 Floor, persomal hygiene area

b. The following areas were swabbed. These swabs were placed
in 10 mi broth and incubated aerobically.

L4 Communications egquipment
L Refrigerator door handle

L Bed post

¢ Transfer lock bandle

B. PRIMARY CULTURING

1. Primary Culturing of Body Areas (other than feces)

a. Aerobic

The aerobic swab collected by each subject for each body area
was emulsified in the 10 ml of broth into which it had been placed when collected.
Tenifold serial dilutions in 4 to 6 tubes of trypticase soy broth were made depend-
ing upan the numbers of organisms expected to be present i the sample based on

10




previocus experience. The exart procedure for culturing is shown in Figure 1.

The irypicase soy broth series was incubated aerobically and observed for growth
24 and 45 hours. All culiures showing growih were smeared. Aerobic piates
were made on the media listed in Table 2 for each of ihe body areas by spreading
0.1 ml of broth {rom the most suitabie dilition on the plate using a glass spreader.
An additional blood agar plate was made in {he same manner {rom the initial dilu-
tion. The aerchic count w2s oblained from 2 blood plate according to standard
method techniques.

b. Anaerobic

The anaerdbic swab from sach body 2rez {collected by each subject
in either the Evaluaior or conirolied activity facility) was emulsified in 10 mi of
broth. Tie sample was then serially dilited by tenfold dilutions depending upon
the numbers of organisms expected {o be found in that particuiar sample. The
procedure, which is essentially the same as the aerobic method, is depicfed in
rigure 1. The culiures were ther placed in 2n 2naerobic 2r, incubated at 377°C
in an atmosphere of 16% CO,,, and observed after 24 and 48 hours for growth.

Agar shakes in Gali's agar, as well as slides, were made from the top dilstions
showing growth. The agar shakes were then transporied from the sile of primary
culturing o Republic Aviation Division’s laboratories where the caitures were
identified. In addition to the serial dilidicns, anaercbic Brewer plates were made
with 1.0 mli of the appropriate dilition from the throzt, mowth, and gians penis
samples using Gall’s agar with cysteine. In Experiment IX, two addiliapal areas
{the gingiva and anal {cid) were added. A blood agar piate and, where indicated, a
chocolate agar plate were inoculated with 0.1 mi from the second dilction tube and
spread over the suriace of the piate with a 51+ —iiz2, berd-giass rod. A pour piate
of Rogosa's agar, when indicated by ithe body 37€3, was ipucalated wilh 1.0 mi
irom the third dilizion fube. These piates were incubeied in the 163 002 anzer-
obic jar. Deep blood agar shakes were made only from the moxh 2ad gingival
samples by placing 1.0 ml of blood inio a cooled Gall's 2agar shake and inoculating

with 8.2 mi from the third dilifion iube.
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2. Primary Culturing of Feces

a. Aerobic

The aerobic plates from the fecal sample were taken from the
anzerobic broth series. One-tenth ml from the third dilution tube was used as
the inoculum for all aerobic plates, as well as the anaerobic blood plate. This
was spread with a sterile bent glass rod upon the surface of the media. One-
tenth ml from this dilution tube was also used as inoculum for a pour plate for
the aerobic count. One ml from the third dilution tube was used as inoculum fcr
the Rogosa's pour plate.

b. Anaerobic

The anaerobic broth series for the primary culture of the fecal
sample was essentially the same as that used previously by Gall, et al(9 ) for
culturing rumen anaerobes, and which has been recently successfully adapted in
the Republic laboratories to the culture of human feces( 10). This is a technique
that can be adapted easily for work under field conditions. Figure 2 gives a
schematic representation of the primary culturing technique, which is modified
to culture from a standard loopful (0.01 gram) of freshly eliminated fecal material.
Samples were cultured within 15 minutes of elimination.

The fecal material on the standard loop was placed directly into
a tube containing 10 ml of Gall's broth prepared by addition of 0.1 ml of a cysteine
sodium bicarbonate solution. This tube was consjdered to represent roughly a 10~
dilution to the fecal contents. Serial dilutions were made into 11 additional tubes
containing 9 ml of Gall's broth prepared as above by transferring 0.1 ml firom the
inoculated tube into the next tube, etc. The top 10 tubes were incubated anaero-
bically in an anaerobic jar containing a 10% CO, atmosphere until growth occurred.
Observations for growth were made at 24 and 48 hours and at appropriate intervals
thereafter. Growth usually appeared within 48 hours. These tea tubes were con-
sidered to approximate a dilution of the sample from 107 t0 1073, No dilution
blanks were used, 2s each tube cortaining broth acts as a dilution blank for the
next tube in the series. From tubes 5 and 6 pour plates were made into anaerobic

Brewer dishes using Gall's medium witk cysteine bicarbonate solution added.

3
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The top three tubes showing growth were subcultured into agar
shakes using Gall's medium to observe the anaerchic or aesrshic character of the
microorganisms and to preserve the cultures for transport, murification and

further study. Each culture was stained by Hucker's modification of the Gram
stain and the slide was observed microscopically.

In addition, blood piates were made from the 1072 and 1074

dilution of the fecal sample by the same technique as the aerobic plates from the
other body areas and were incubated at 37°C in the same manner as the anaerobic
broth series; i.e., in 10% CO2 atmosphere in an anaerobic jar. Growth was re-
corded after 24 hours and the plates were treated in the s2me manner as the
anaerobic blood plates described below.

3. Primary Culturing of Environmental Areas

The sedimentation plates made from the several room areas listed on
p 10 were exposed for 30 minutes, incubated at 37°C, and observed for growth
at the end of 24 hours. The swab cultures taken from the environmental areas
were placed in broth and inoculated aerobically at 37°C. Smears were made of
all broths that grew.

C. SECONDARY CULTURING
1. Aerobic

All the cultures from the Petri dishes incubated aerobically and under
CO2 from all body areas, feces, environmental areas and miscellaneous items
were relurned to the Republic Aviation Division's 1aboratories where selected
colonies were picked into broth. Cultures picked from the anaerobically incu-
bated piates were incubated in the C()2 incubator while all other colonies from
the anaerobic plates were processed by the usual aerobic methods. The cultures
were smeared, stained, observed microscopically, separated according t¢ mor-
phological types, and processed according to the schema, if applicable.

15
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a.,  Staphylococci* and Micrococci

3 a
o Mannitel salt agar

L All positives confirmed with coagulase test
® Phage typing on selected culfures

b. Streptococci¥*

Alpha hemolysis
Beta hemolysis
Gamma hemolysis
Differential sugars
Typing
Temperature

Salt tolerance

C. Prneumococci
™ Pneumococcus broth - bile solubility

d. Haemophilus
e Isolated strains identified with typing antisera

e, Neisseria

L Sugar screen test
° Oxidase test

f. Lactobacillus

o Culture and morphology in Rogosa's medium
® pH in glucose broth
L Ecology

g. Gram Positive Rods

Loeffler's

Morphology

Gelatin

Sugar screen

Hydrolysis of starch
Detection of hyphae (Actinomycetales)
Tellurite

Catalase

Hemolysis on sheep blood
COy requirement

Litmus milk

The identification of the staphylococci was carried out under separate con-
tract by personnel from the Miami Valley Hospital Research Department, Dayton,
Ohio. The resulis of the work are included in overall summary and tables.

Work performed by A. West, Research Microbiologist, Aerospace Medical
Research Laboratories, Wright -Patterson Air Force Base, Ohio.
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Gram Negative Rods
TSI

indoi

Methyl red

Voges -Proskauer

Simmon's citrate

Urease

Nitrate

Motility

Gelatin

KCN

Phenylalanine

Cytochrome oxidase (on all alkaline over alkuline TSI's)
Typing antisera (shigella, salmonella, E. coli, klebsiella)

® ® & 00O 0" o0 e

PPLO
o Dienes' stained agar techrique

® Phytone yeast media

. Wet mount

L Lactophenol cotton blue

o Corn meal agar

L4 Fermentation series when indicated

Actinomycetales

. Actinomyces media
o Morphology in culture, smears and wet mounts
® Biochemical series

Spirochaetes

® Blood broth (morphology)

. Darkfield when indicated

g Vincent's stain

Protozoa

® Identification by selective stains

2, Anaerobic

a.

Body Areas Other Than Feces

The agar shakes made from the dilution series and the colonies

picked from the Brewer plate (when made) were separated into two groups depend-

ing upon the degree of anaerobiosis. The obligate anaerobes were processed in the

same way as the fecal anaercbes described on p 18 with the exception that many of
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the cultures, particularly from the mouth, gingiva, throat, and glans penis, were
identified from Bergey's manuai(ﬁ:' . The facultative anaerobes were grouped
according to morphology and were processed as described in this section under
C.1. A morphological and biochemical key was established consisting of the
results of the screen tests from the most frequently occurring fecal anaerobic
cultures and was designed to group similar bacteria. Each different screen test
pattern was assigned an FA, FN, or GD number. The FA and GD types were
used to designate obligate anaerobes and the FN types to designate facultative

anaerobes (see Table 3).

b. Feces

The agar shakes from the top three tubes of the cultural series
were processed in the following mamer. The agar shake cultures were trans-
ferred to Gall's broth pius cysteine and incubated anaerobically until growth
occurred. Gram stains were made and, if the cultures were pure, they were
immediately screen tested as described below. Cultures showing two 6r nore
distinct morphological types of bacteria were purified by plating using the follow-
ing anaerobic technique. A needle of the impure broth culture was spread on a
bed of Gall's agar which was then covered with a layer of Gall’s agar with added
cysteine. The plates were incubated anaerobically in a Torbal jar with hydrogen

and 10% CO, and discrete colonies were picked. Selected colonies on the anaerobic

Brewer dishes originating from tubes 5 and 6 were picked and ireated like the sub-
cultures from the agar shakes as described above. The physiological studies of

the pure cultures isoclated from the feces included the following screen tests:

(1) Gram stain to observe morphology
(2) Final pH in 0.1% glucose broth

(3) Fermentation of the following sugars in Gall's media with
glucose omitted {glucose, sucrose, lactose, dextrin -
sugars added at 0. 1% level aseptically after autoclaving)

(4) Growth in Gall's broth with no carbohydrate added

(5) Liquefaction of 12% gelatin in Gall's medium minus carbo-
hydrate

{(6) Growth and reaction in litmus milk (to which 0. 05% bovine
albumin and 0. 1% of peptone have beep added)

(7) Growth in agar shake containing Gall's mecium

if
{




All media contained bicarbonate and all media except the agar
shake contained cysteine to produce an Eh of about -200 mv. The results of the

screen tests on each anaerobic culture were compared with a "key".

19




GALL'™S MEDIUM

Purpose: Anaerobic culturing
Formula: Peptone C (Albimi} 1%
Peptone S (Albimi) 1%
Beef Extract (Difco) 1%
Yeast Extract (Difco) 1%
KoHPO, 0.1%
KHoPO4 0.1%
Glucose 0.1%
Technique: Make up to 100 ml with distilled water and tube in $ ml amounts

20

(pipetted for exactness of dilution) and sterilize exactly 10 min-

utes by autoclaving. Immediately before use, add aseptically 1

drop of sterile 10% NaHCO3 and 2 drops of 10% cysteine-

bicarbonate solution®. This gives a pH of approximately 6.8 and

an Eh of approximately -200 mv. Add 1.5% agar to the above when

agar is needed for shakes and plates. This is done when originally
making the medium. In agar omit cysteine except where noted
otherwise. To all broth and agar media add 0.905% of bovine serum.

10% cysteine-bicarbonate solution. 20 gms Cysteine Hydrochloride, 100 ml
IN NaOH, 7% NagCO4. Add the cysteine hydrochloride to the NaOH, giving
an approximate pH of 7.0. More or less NaOH will be needed depending on
the particular batch of cysteine hydrochloride. To 4 ml of this solution (15%
cysteine) in a test tube, add 2 ml of 7% NaHCO3. Seal with melted vaspar.
Autoclave at 15 ib. for 10 minutes.




GALL'S GELATIN (i.e. 12%)

Purpose: The use of gelatin in culture media for studies of gelatinolysis
{(elaboration of gelatinolytic enzymes) by hacteria.

Formula: Bacto tryptone 10g
Bacto peptone 10 g
Bacto yeast extract 10 g
Bacto beef extract 10g
Monobasic potassium phosphate g
Dibasic potassium phosphate ig
Serum 1cec
Gelatin 120 ¢

21

—— = e cvm— e e
O ——— ST —
Eans T - -




SECTION I

EXPERIMENTAL RESULTS

The design of the sample schedule was based on the reguirements of the

original study'1?

Table T lists the test conditions of each particular experiment, as well as the

. However, the five experiments difiered in certain respects.

dates on which varicus body areas were sampled and fecal specimens were ob-
tained. The table also lists the daies of the environmenial area samplings.
Ancther variable in the experimental procedure was the wearing of space suils by
four subjects. 3Suited subjects are shown on Table 1for Exp. VI and VIIi. The
only experiment in which temperature was varied was Exp. IX, during which a
temperature of 90°F was maintained for iwo of the six-week periods as shéwn in
the table. The periods when liquid diets were offered {o the subjecis are shown
on the table for Exp. VI ang VII.

The pe. sonal hygiene prctocol enforced during 2l of the experiments is
shown in Table 4. This table also indicates whether or not the subjects bathec,
and whether they used soap or detergert. The oral hygiene enforced on each par-
ticular experiment is shown or this table, as is the type of clothing worn during
each period.

The sampling of each body area was carried cut by techniques which were
described in Section II. The frequency of the sampling, which varied slightly
between experiments, is shown in Table 5.

Each subject performed the regiired sampling in accordance with insiruciions.
Immediately following the swabbing of the body areas, the swabs were placed in
aerobic and anaerobic broth for transfer from the chamber for further processing.
The processing of each swab followed a definite schem2 for plating. The primary
culture media used for each body area are listed in Table 2.

* All tabies appear in Appendix I
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res 1 2nd 2 depict the aerobic and anaerobic broth diltion series which

are s& up DrioT i0 the pidiing on primary isolation media,
The numerical counis shovm in Table © are represemative of bacterial

colonies appearing on bleod piates following 24 hours of incubation. These environ-
mental plates had been exposed {o the atmosphere for 30 minges within either the
conirolled activity facility or the simulator, and probably represest a true picure
of the numbers of bacteria present a2t any particular sampling period in that area.
Threse counts, which seemed to be a reflection of the bacteria carried by the sub-
jects, built up o 2 particular level and plateaued, as did the counts of the individ-
uzls. Prior tothe erfry of the subjects irdo either the controlied activily faciiffy
or the Evaluator, an atiempt was made to reduce the residual count by the use of
an antibacte_.al agent, BAC. This product was used as a spray and as an additive
tc scrub water. This method of treatment proved exiremely successfui, and the
preentry counis ranged from ¢ to less than 10 1z every instance.

The variation in the number of organisms isolated from the skin of the same
individual at different times {(T2ble 7) was not as great as the literature indicated,
particularly when the sampies were taken in the same mAanner from subjects ex-
periencing ithe same environmental conditiocns. Individuzl variation included the
zbility {0 support 2 iarger and denser bacterizl popalation. This cif2aeoas pop-
lation was ornly temperarily affecied by sweating or washing. The effect of any
radical change in heat or moisiure upon the ci2aneous flera has not been thoroughily
studied.

The anzlyses of the numerical daia collected from the 20 subjects revealed
ihat the buildup of the numbers of the bacteria present In the varions cefaneoas
areas sampled reached 2 ceriain mumerical level at abmst the tenth sampiing
pericd {approximaiely 3£ weeks). The cour? remained af this lsvel for the next
fwo s2mpling pericds and then mderwent 2 sm2ll decrease in tolal numbers. This
would seem to indicaie that in any given ares when the bacdleria reached a certain
level, the food supply could nc longer support 2dditionzl popuistion.

The emvircamernizal effect on the skin of wearing the space suit was ok 25
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hacteria was noted on suited subjects. The assumption that the more constant
temperature maintained on these skin surfaces, together with 4 higher relative
humidity and 2 reduced air flow, should have been favorable to ceriain strains,

was not substuitizied by the appearance of higher bacterial counts.

The axilla and groin were two of the areas showing & marked buildup arnd,
for this reason, are shown separately in Table 8 so that a comparison may be
made between the two areas on the four subjects. These particular numbers also
point up the individual variatlion existing between the subjects.

A further clarification of the numbers presented in Table 8 was attempted
by separating th . counts attributable to staphylococci and corynebacteria and plotting
them against each other in order to depict graphically the relationship between
these strains at the various sampling periods (Appendix I). Except for Exp. V, the
corynebacteria built up to significant levels during all runs and were recovered
to a greater extent than were staphylococci. No significant difference was noted
during the imposition of 90°F temperature during Exp. IX or was any significant
difference noted during the wearing of space suits by Subjects 26, 27, 29, and 31.

The results of these tests are not in agreement with most reports with
respect to the numerical proportionate appearance of corynebacteria and staphyle-

cocceli, however, the results do agree with those of Shehadeh and Kligman(13).

Table 9 is presented to ideatify the streptococei recovered at the varying
sampling periods. The prevalence of Streptococcus salivarius and Streptococcus
mitis in the mouth and throat of the subjects was not unexpected; however, that
significant number of strains of Streptococcus faecalis were recovered from the
mo.th and tkroat prove the indigenous character of Streptococcus faecalis in the
upper alimentary tract. A sporadic occurrence of other strains was felt to be
ingignificant and not a reflection of their posiiion as possible members of tke

indigenous microflora.

The staphylococci were studied by Miami Valley Hospital Research Depart-
ment, Dayton, Ohio under separate contract with the Aerospace Medical Research
Laboratories(M). Table 10 is based on information received from the Miami Valley
Hospital Research Department. The identification of coagulase activity was carried




out by a plate method rathier than the conventional tube method. A significant

>

number of coagulase poxitive strains was recovered irom the individual subjects.

i

'these sirains are conside. ad important because of theli poleniial pathogenicity.
Subject 17 carried a positive strain in both the throat and groin. Subject 21 showed
a coagulase positive strain occurring on the glans penis, inthe ear and nose, as
well as on the groin and axilla. Subject 24 bad much the same pattern with the
exception of th= ear. In Subjects 25, 26, and 32 positive strains appeared on the
axilla, groin, and glans penis. While Subjects 27 and 28 did not carry a gignificant
number of positive cullures on the axilla, they carried coagulase positive strains
of staphylococci on the groin and glans penis as did Subjects 29, 30, 31, 34, and
35. The other subjects showed sporadic isolation of coagulase positive strains.

Neisseria were prevalent at varving times during the five experiments
(Table 11). In particular, during Exps. VIO and IX a heavy incidence of neisseria
was found in the mouth and throat of Subjects 25 through 36. Sporadic occurrences
of neisseria were noted on Subjects 17 through 24. It is possible that neisseria was
transferred from subject to subject, but the data present no clear-cut picture.

The occurrence of Enierobacteriaceae from body areas (other than feces)
shows the limited distribution of thes. bacteria (Fable 12). Their occurrence in
the axilla was sporadic and limited to a few subjects, but agrees with the literature,
particularly in respect to the appearance of aerobacter. The occurrence in the eye
is felt not to depict the indigenous flora, but to represent a chance contamination
of the eye. The appearance of these bacteria on the glans penis and anal area
reflect the current level of personal hygiene. The recovery of Enfercbacteriaceae
from the feces (Table 13) agreed with the data presented in the literature with the
exception of isolation of Alkalescens dispar from the feces of Subjects 22 and 26.

The occurrence of E. coli in the feces and the identification of those strains
which are typable are shown on Table 14. The high percentage of typable strains
(roughly 50%) greatly exceeds the percentage reported in the literature. Various
authors have estimated from 2.5% to 10% of the strains carried by the "normsal®
population are typable. 1In addition, 2 number of the typable strains found in this
study are among those considered potentially pathogenic by various auihors. It
is pvssible that everyone carries these strains in relatively small numbers and
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when the balance of the "normal” flora is disturbed by udietl or disease, these
minority strains can hecome prevalent and appear to be members of the pre-
dominant flora.

In addition, odd patterns appeared. The biochemical reactions of one
repeatedly isolated grcup of organisms fell between the shigella and E. coli
reacticns. This group of organisms has been referred to as Pattern S-C. The
isolation of typabie strains appeared to be greatest during Experiments VIO and
IX and may be a reflection of the particular diet used during these two experi-

ments.

One of the most inferesiing groups of organisms isolated repeatedly were
members of the Corynebacteriaceae. Great diffic.lty was experienced in species
identification of these varied groups. This is in accordance with the literature.

For example, Pollack e a],(ls) isolated 52 diphtheroid strains from the human

skin, five of which were oleic acid requiring. These lipophilic diphthercids have
been identified as Corynebacterium xerosis by Pillsbury et ai(ls). Marples et a1(17)
also found diphtheroids in the interdigital skin of the foot in 38.2% of 175 adult

subjects, and reached the conclusion that "Aerobic diphthercids do not appear {o

produce any overt changes in the skin and must be regarded as normal residents
of the substrate.' When species identification of corynebacteria was impossible,
biochemical patterns were used for grouping and are shown in Table 15.

T.e distribution of corynebacterium on the body areas showed
marked variations among the subjects. Some subjects carried speciiic strains
in each body area, while others had a sporadic occurrence of difierent strains
in different bedy areas. More specifically, Subject 24 carried C. acnes in most
body areas with only a sporadic isolation of C. pseudodiptheriticum. Conversely,

Subject 25 carried pattern A in the ear, C. striatum in the nose and glans penis,
C. pseudodiptheriticum in the mouth and throat, and pattern A in the groin and
anal area, There was no consistency in the strain isolation. Subject 21 carried

C. acnes frequently as weil as C. pseudodiptheriticum, but there was no indication

of any prevalent strain in any of the sampled areas. Subject 22 carried C. acnes
and C. pseudodiptherificum as did Subject 21 but, in addition, cultures of C.striatum,
C. xerosis, as well as pattern A, were isolated sporadically. Subject 23 had much
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the same pattern as Subject 24, with C. acnes predominating. However, Subiect

26 exhibited the pattern of strain specificity for body area. Pattern S+ was iso-

lated consistently {rom ithe groin and glans penis and C. pseudodiptheriticum was
y

isolated from the mouth, pattern A from the ear, nose, and axilla, and an uniden-
tified strain in the throat and nose. Subject 27 was also species specific anu
carried C. pseudodiptheriticum in the nose and throat, pattern S+ in the axilla

and glans penis, C. sfriatum from the groin, and pattern A consistently in the
eye and occasionally in the axilla and groin. Subject 28 carried pattern S+ in the
throat and glans penis, C. pseudodiptheriticum in the mouth, and pattern A in the
axilla. For Subject 24, the isolation was again sporadic. Subject 32 carried
pattern S+ (2s described in Table 15) and C. pseudodiptheriticum in the nose.

Subject 30 carried pattern S+ in the axilla, groin, and glans penis. Subject 31

carried pattern S+ in the groin and glans penis with many seemingly random
isolations of other species. Subjects 17 and 18 carried C. striatum in the groin.
Subject 34 had both pattern A and S+ in the nose and C. striatum and pattern A in

the axilla, groin, and glans penis. Subject 35 had C. striatum in the groin and
anal area, while Subject 36 had C. striatum and S+ pattern in the anal area, as

well as in the axilla and groin.

The analysis of the appearance of the strains of corynebacteria by subject
was complicated and seemed to represent individual variation, rather than being
a result of the experimental conditions. Analysis of the Corymebacteria species
by body area rather than by subject was also carried out. Only 8 of the 20 sub~

jects carried corynebacteria in the feces, and the two species C. striatum and
C. acnes accounted for these isolations. In the groin, a more diversified distri-
bution occurred, as indicated by the recovery of the following members of coryne-

bacteria: C. striatum, C. xerosis, C. pseudodiptheriticum, C. acnes, and

patiern A, as well &s striatum S+, There did not appear to be any conformity in
either this particular body arez or the axilla as far as species specificity, although
pattern A, C. striatum and its associated pattern S+ accounted for most of the
isolations in the axilla. The data indicate that there is a correlation between the
presence of C. striatum and pattern A. On the glans penis, the strain specificity
per man was more mcrked, with S+ being most frequently isolated followed by

C. striatum. Pattern A occurred in significant numbeor in two individuals. The
e v R &
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consistent absence of any strain of corynebacteria in the anal area in 15 subjects
is significant, Experimental conditions seemed to affect only the total numbers

of corynebacteria, The distribution of these varied strains is shown in Tabie i6
by body area, Table 17 by sampling periad, and in Table 18 by specialized body
areas. Figures 3, 4 and 5 show the graphic distribution of corynebacteria plotted

against the occurrences of staphylococci (Appendix I).

The distribution of Lactobacillus species is also shown in Table 16. Lacto-
bacilli were consistently recovered from the throat and fecee in Subjects 17, 18,
19, 20, 21, and 27. The recovery in the other subjects was sporadic and notable
by its lack of consistency. In addition, lactobacillus was isolated from the nose,
ear, and (surprisingly) on the glans penis in Subjects 22, 23, and 24.

The recovery of miscellaneous aerobes which are considered to be indigenous,
but not predominant, is documented in Table 19, Of interest, is the recovery of
haemophilus in the feces of Subject 24 on four occasions. Bacteria of the Moraxella-
Mima group were recovered sporadicaily from a few subjects and at 2 much lower
incidence than anticipated.

During Experiment V, a significant number of colonies 2ppeared on various
media and the identification of these isolates was difficult. For this reason, actino
medium was added to the list of culiuring media on subsequent runs. The bacteria
isolated from this medium are listed in Table 20. Many of the isolates seemed to
be members of the proactinomyces or nocardia groups, and the classification de-
veloped by Krassilnikovus)was used as a basis for tentative identification. The
principal isolates from the skin are probably Proactinomyces goensis and Pro-

actinomyces spitzi, while Proactinomyces interproximales was recovered from

the mucous membranes. Miscellaneous isolates fall under the grouping of Pro-
actinomyces albus. A detailed study of these cultures was not within the scope of
this effort. The heavy incidence of these culiures in the earlier sampling periods

may have be-. - ated to the removal of all bacteria from the environment by the
use of a BA spriy. The "normal" bacterial balance between the subjects and

their closed environment could be considered tenuous, and any factor which con-
tributed to the elimination of large numbers of normally occurring microorganisms
may well have allowed the sudden influx of other bacteria whose influence and effects
are not well defined.
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Fungi were isolated by using a specialized medium {phytcne yeast agar).
The cultures were incubated both at room temperature and at 37°C. The number
of diverse cultures was so great that it was considered necessary i¢ differentiate
between the pathogenic and the nonpathogenic species, particularly in the genus
candida. Candida albicans was recovered from more than 50% of the subjects and

occurred most often in the mouth, throat, and feces. This incidence of recovery
is sufficiently greater than that reported in the literature to indicate that it repre-
sents a true finding and one which requires interpretation in view of the limited
oral hygiene and the particular space diet employed. Two other species of candida
{C. parapsilosis and C. guliiermondi) were reccvered frequently. Subject 36

carried Candida albicans on the glans penis on seven occasions. The incidence of

Trichophyton rubrum and Rhodotoruia sp. is in agreement with that found in the

literature. Many species of aspergillus are widespread in the environment and
are considered to be laboratory contaminants. Their pathogenicity for human

beings has not been defined; however. the frequency of isclation of Aspergillus
species from the subjects on Experiment IX would indicate that these men were
carriers of aspergillus in the nose for a short period of time. Subjects 23, 26,

and 27 had pumerous isolations of Trichosnorum species from the groin and glans

penis. Sporadic and frequent isolations of the Penicillium species occurred but

no particular significance is attached to these cultures. Among the miscellaneous
fungi appearing are: Cladosporium sp., Helminthosporium sp.. Scopulariopsis

sp., Syncephalastrum sp., mycelia sterilz, as well as Phoma sp. and Tricho-

phyton mentagrophytes. Two of the subjects (numbers 27 and 36) carried a much

greater number and variety of mycological flora than did the cther eighieen sub-
jects. One of these subjects was a negro, the other, a highly nervous individual
who perspired profusely. The pH of the skin of these mien was not determined,
but it could have been a contributory factor to the presence of the various fungi
as could the amount of sweat, since the perspiration could be expected to provide
a greater source of nutrients for fungi and bacteria than the skin of 2 subject
whose sweat production was minimal {Table 21).

The isolation of pleuropneumonia-like organisms {PPLO) from many body
areas of all the subjects at repeated intervais is documented in Table 22. The

current opinion of many researchers is that many strains of PPLO are saprophytic

29




and their isolation shouid not be considered significant. The PPLO may be “oppor-

tunists™ and invade in combination with disease-producing bacieria. Their path-
ogenic position in no-xg”r.acccai ureéhriiis is well dovumented. For this reason,
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and additional emphasis should be placed on studying their occurrence in this area,
and its possible scignificance, as well as on the further identification of the specific
strain of PPLO present.

Table 23 lists the dilutions from which the anaerobic blood plates were
taken and illustrates the varied tailoring of the sample procedure used to obtain
the most meaningful results. If was necessary to modify the procedure for each
sample, as in a too heavily inoculated bloed plate, the cultures overgrew, and
identification of the varied flora became impossible.

During Experiment V, cocci (isolated irom the bluod plates) belonging to the
micrococcae rather than the staphylococci group of micrococcaceae were studied
in deiaii and identification of selected strains from the nose, axilla. groin, and
anal area were made. In subsecuent experiments, these cultures were disregarded,
since they were studied under separate contract by members of the Miami Valley
Hospital Research Department {Table 24).

The microscopic identification based on slide observation of the aerobic
dilution series is shown in Table 25 and merely confirms the identifications

obtained in the conventional manner.

The recovery of micrococcaceae from room areas is shown in Table 26 and
is based on information received from the Miami Hospital Research Department
and indicates that a2 substantial number of the colonies recovered consisted of
strains showing positive coaguiase activity. Since phage typing of these cultures
is not available, it is impossible to say whether they show the spread of patentially

pathogenic staphylococci between men ard their environment.

The environmental sampiing based on ~xposure plates {Takle 27) was re-
markable by the recovery of a relatively few strains which were potentially patho-
genic. Most of these strains occurred on the floor in the vicinitv of the personal
hygiene area and were 2 resuit of tke standards of hygiene enforced, or the per-
sonal habits of the subjects.
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Tables 28 through 34 show the occurrence of the various microorganisms
in particular body arcas and allow meaningful comparisuns to be made with those

........ - - o

reported in the literature, Of particular interest are the tables showing the
occurrence of various microo.-ganisms on the anal area and axilla, as well as the
toes. The consistent recovery of both stapbylococci and corynebacterium re-
emphasizes their position as the predominant organisms in most body areas. The
occurrence of fungi in these areas is higher than the literature indicates, bw in

most instances caused no serious problems.

Table 35 illustrates the nutrient composition of the diets offered the sub-
jects which d_.fered between experiments. The diets for Experiments V and VI
have approximately the same number of total calories and protein. The Experi-
ment V diet had slightly more fai than was found in the diet used on Experiment
Vi. The fresh and liquid diets used in Experimenis VII and VIII were very closely
matched and it is felt that the most significant difference between the two was in
the lower calcium load imposed by the diet used in Experiment VIII. Experiment
IX had a significantly higher proporticn of total calories in the form of carbo-
hydrates than did the other four experiments. While the protein in Experiment
IX was lower than Experiments V and VI, if was substantially higher than Experi-
ments Vii and VHOI.

Because of the importance of the "indigenous microbioia", microbial pro-
files of all 20 subjects showing each body area sampled at each sampling period
are shown in Table 36. This table documents the recovery (by culture procedure)
of all aevobic organisms. In addition, individual variations in the flora of any
particular body area can easily be identified, and possible transference can be
studied, f{he microbial profile of each subject must be considered as an entity,
since the interrelationship of the microbial populations of body areas is important.

The composition and role of the anaerobic fecal flora in the body of the
young healthy adult male has never been completely delineated. For this reason,
the predominating anaerobic flora has been grouped and identified by the schema
of Gall et al (NASw—738)(19). This artificial schema is based upon certain mor-
phological and physiological characteristics. Table 3 shows the biochsmical
reactions and morphology of these cultures. This table includes the obligate
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anaerobes FA-1 through 18; the G.D. series 1 through 7, which are also obligate
anaerobes; as well as the FN series 1 through 5, which are facultative anaerobes,
as are CR-1 and 2. In addition. the PS-1, 2, and 3 facultative anaerchic cocci are
also included. This method of grouping bas been used in order to compare the
results obtained under the simulated space conditions of this experiment with the
baselinz '"normal" established under the investigations carried out for NASA by
the Republic Aviation Division of Fairchild Hiller Corporation( 19’. In addition,
comparisons were made with two other studies; one carried out for the Aerospace
Medical Research Laboratories(zg), the other a NASA -sponsored study which was
carried out at the Air Crew Equipment Laboratory (Philadelphia)(m). To under-
stand the physiological characteristics of these anaerobic cultures, Table 37, which
is reproduced from the NASA study, shows a summary of the physiological charac-
teristics. Additional information on the activities of these cultures is shown on
Tables 38, 39, and 40. Table 41 shows an artificial grouping of these anaerches
by activity including lactic acid productior, ammonia cornversion, decarbcxylation,
and deaminating activity. This background material is discussed in detfail in
Section IV under tue interpretation of the shift in the predominating types of
anaerobic bacteria.

The obligate anaerobic character of the feces was prevalent throughout all
experiments. The anaerobes outnumbered the aerobes by 10, 000 times on an
average. This is substantiated by the enumeration of the aerobic organisms made
from the aerobic plate counts which are shown in Table 42. In contrast to these
aerobic organisms, which occur in millions per gram, the anaerobic organisms
were present in billions per gram. The height of the anaerobic growth in the broth
series is shown in Table 43. These data show that the numbers of anaerobic
organisms present in the feces seldom fall below the one hundred billionth dilution

of the sample and often exceeded it.

The comparative data reaffirms the predoininance of the anaerobic bacteria
in the fecal flora. To show more clearly the degree of anaerobiosis present in
the predominating fecal organisms, the facultative anaerobes are listed separately
from the obligate anaerobes. This information is presented in Table 44 which
shows the numbers of obligate anaerobes versus facultative anaerobes isolated in

the top three dilutions of the anaerobic series of each man for each culturing period.
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Subjects 27 and 31 carried the highest percentage of facultative organisms and

represent individual variations within the group.

The distribution of the types of anaerobes found in fecal samples of the 20
subjects is shown in Table 45. The information in this table allows a2 comparison
between runs. The information in Table 46 allows a comparison to be made
between individuals on the same run. Table 47 shows the total distribution of
anaerobes by sampling period. Table 48 ailows the data obtained from each run
to be compared. The results obtained on the ''Normal Predominating Fecal Flora™
{(NASw-7 38( 19) are shown in Table 49.

The recovery of the fecal anaerobes of the varying FA types from each
experiment is depicted in Table 48. Experiments VII and VIII should have pro-
duced the same type of reaction since the diets were so closely correlaied. How-
ever, significant differences occurred in the number of FA-5's present and the
numbers of FA-9, 10, 12, 15, and 18, as well as G.D. 3 and 6. In Experiments
V and VI, the differences seem to lie in the appearance of FA-6, 7, 9, 2nd 18.
Experiment IX, in which the diet did not closely approximate any of the others,
gave results fairly consistent with Experiment VII with the exception of the preva-
lence of FA-12 and the scarcity of FA-15 and 18, while G.D. 1 and 5 increased
markedly.

Vitamin production or utilization by the type cultures is one of their signifi-
cant contributions to the ecology of the gut flora, and alkkthough the relationship
between the host and the bacterial source of the vitamins has not been clarified,

the vitamin productiou by the predominating anaerobes is summarized in Table 50.

Another defined area of anaerobic bacteria physiology is the amino acid
decarboxylation performed by these predominating anaerobes. This information
is summarized in Table 51.

Work was pericrmed on germfree rats to evaluate the function of the pre-
dominating anaerobes in the body and these data are summarized in Table 52. A
further study directed toward the control of these anaerobes is based on the sen-
sitiviiy to various antibiotics. The results of this study are shown in Table 53.
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In addition to the predominating position of anaerches in the feces, many
anaerobes were recovered from a substantial number of body areas. These are
listed both by subject, body area, and sampling period in Takble 54,

Table 55 shows morphological types of organisms which were present in
the anaerobic series. The noumerous strains of bacteria which would nct transfer
to secondary media are identified by morphoiogical types as shown in Table 56.




SECTION IV

A. BACKGRGUND/INTERPRETATION

interpretation of every detail of the 33tz obiained from sampies involving
ove: 50,000 primary culiures and almost i, 800, Fi0 secondary citures would be
a monumentzl task. For this rea2son, the conclusions presenied herein 2re based
oa changes which occurred in 2 large number of samples or were of sufficient

magnitude io be eonsidered sigpificant.

i. Bacterial Buiidup on Man

In the anzalyses of the numerical éata collected from the 20 suybjedcts,
a general conclusion was reached that the buildup of the numbers of the bacteria
presepnt in the various cuianeous areas samnlad reached 2 ceriain numerical level
at abuit ihe terfh sampling period: i.e., afier approximately 23 days of confine-
mernt. This concition lasied for the nexd tw0 sampling periods, ulimately under-
going a sm2ll relaiive decrease of {o#ai pumbers. This would seem io indicate
thet in 2ny given area, when the bacieriz reach a ceriain level, the food suppiy
can nc longer suppori an additional population. The bacterial levels reached did not
generally cause any visible dermatologicsl problems.

2. Unnecessary Sampling Areas

The numerical é&zia, which reilected the buildup of bacterial colonies
at or on specific body aress, were imporiast in deiermining the merit of sampling
certain body areas. Careful copsideration of both the numbers and Kinds of bacteria
present in or on the scaip, ear, eye, nose, throat, axiila, umtilicus, forearm, and
anal are2 wouid seem to indicate that those areas can be sampled less frequentiy or

eliminated from the monituring schedale in future work.

3. "Indiceior™ Areas

These same rumerical deiz ciled above indiczie the imporiance of

moniforing the level of cleanliness of the gi2ns penis ané the groin by baderial
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sampling. The relationship between gingival health and gingival flora, currently
being studied by the Republic Aviation Division of Fairchild iiler Cirporation in

(22)

conjunction with Aerospace Medical Research Laboratories , mé  show this

area to be a third indicafor area.

4, Effect of Space Suits

The effect upon the skin of wearing the space suit was not as grzat as
had been supposed. No real difference in numbers or kinds of bacteria were noted
on suited subjects. The assumption that the suit cenditions of constant .emperature,
kigher relative humidity, and reduced air flow would be favorable to certain strains
of bacteria, was not substantiated by higher bacterial counts.

The two body areas which became uncomfortable for some of the suited
subjects were the groin and feet. When the subject had a history of athlete’s foot,
the wearing of a space suit contributed to an exacerbation of the old infection,
usually resulting in T. rubrum causing discomfort. Itching that developed in the
groin area was attributed to T. rubrum and members of the Candida species. In

In suited subjects, monitcring of the microbiological status of the toes could be
an essential prophylactic measure.

5. Effects cf pHiso-Hex @ ca Microflora

The information graphically portrayed in Figures 3, 4, and 5 (Appendix
1) suggests that a preentry scrub with pHiso-Hco “a- ~erformed in Experiments
VI and VI, allowed a relatively greater differential to exist between colonies of
staphylococci and corynebacterium than was apparent in Experiments V and VIII,
where Ivory ¥ soap was used. The antibacterijal action of pHiso-Hex 7, par-
ticularly against members of the Corynebacteria species, is apparent f:-om thece
graphs. Al the graphs have three peak periods depicting growth I+ —els tor
corynebacterium and for staphylococcus. “ith the exception of Experiment V,
all other experiments reflect a higher postlevel count than entry count. These
graphs reaffirm the necessity for monitoring bacterial levels cn the glans penis

and groin.
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6.  'Indicator" Microorganisms

Members of Enterobacteriaceae which appeared on the glans penis
and groin indicated a deterioration of hygienic stardards.

The presence of various fungi on the feet, groin, and glans penis
could indicate necessity for instifuting certain hygienic procedures.

7. Environmental Sampling

Sampling of the bacterial levels in the personil hygiene area and ¢n
the eating tabie should be part of the program, since the bacterial levels in these
two areas were considered to have risen to dangerous levels.

8. Microbial Profile

The microbial profile of these 20 subjects is shown in Table 35. The
summary results of Rosebury” ) are shown in Table 57, Marples( 8) in Table 58
and Bumett(23 in Table 59. A comparison of these was mude and revealed inter-
esting differences between the results of the present study and those of earlier
investigators. In comparing Rosebury’s work (Table 57), the greatest difference
appeared to be that he recovered Pityrosporum ovale and mycobacterium from the
skin although these organisms were not isolated in the present study. In all other
respects, the two studies were in agreement. Marples( 8) listed among the resi-
dents of the skin, Pityrosporum ovale and Mycobacterium smegmatis. These two
strains were not recovered from the 29 subjects of the present study. In addition,
gram negative bacilli and Staphylococcus aureus were considered by Marples to be
frequent visitors, but the results of the present study indicate that their occurrence
was frequent enough to give them indigenous status, as was the occurrence of

C. albicans, neisseria, gaffyka, sarcina, and certain species of streptococci.

Distribution of the indigenous microorganisms in man as presented by
Bumect(%) {Table 59) most closely approaches the microbial profiles of this
study.

9, Effect of Diet on Fecal Flora

One of the objectives of this experiment was to determine whether 2
space type diet (fresh or dehydrated) affected the fecal flora of the young adult
males who subsisted solely on this type of diet for a 6 -week period.
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Since the dietary periods delineated in the five runs under consider-
ation are relatively short in term, it is impossible to base conclusions on a cause-

effect relationship involving physical symptomology. For this reason, the types

of anaerohic hacteria predomindting during each experimenial period were com-
pared with those predominants isolated in the study performed for NA sa(19)

This comparison considered the in vitro vitamin production, deamination, and
decarboxylation activity of these cuifures as well as their lactic acid production.
Although the relationship between the host ar 1 these strict anaerobes is not com-
pletely defined, their possible role in the body was considered to be a reflection
of their metabolic activities.

a. Vitamin Production

One of the characteristics of the predominating fecal anaerobes
is their ability to synthesize vitamins. The relationship between this ability and
the host has not been clearly defined, although as pointed ouf by Bell et al(zlg,
*"Vitamin K is also synthesized by the intestinal flora, in scme patients deficiency
may be precipitated by the use of antibacterial agents.' In addition, the same
authors reported: "It is likely that bacterial synthesis of vitamins especially
those of the B complex, in the lower alimentary tract is responsible for supplying
a substantial proportion of the daily requirements of riboflavin, nicotinic acid,
biotin, folic acid, and vitamin K." Additional importance is given to the acceptance
of the intestinal bacteria as vitamin sources by Morris(zs). "Many bacteria syn-
thesize vitamins in excess of their requirements and excrete the surplus into the
environment. Indeed the excretion of B vitamins by intestinal microorganisms,
coupled with autolytic liberation of vitamins from dead cells may furnish such a
large fraction of an animal's vitamin supply that it is difficult to render the animal
deficient by mere dietary deprivation."

1t is significant that the change in the predominating anaerobic
bacteria has, in some cases, seemingly resulted in a flora which will produce a
smaller amount of the vitamins (Table 50). In particular, the amount of B1o
seemed to be significantly decreased in Experiment VII, as did the riboflavin in
Experiments V, VII, VIII, and IX. The niacin was significantly lower in Experi-
ments V, VII, VI, and IX, while pantothenic acid production was diminished in
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Experiments V, VI, and VIII. Folic acid was markedly lower in Experiments

Vv, Vi, Viil, and IX. The vitamin productiion of FA-17, FA-18, and the GD series
nas never been delermined, and it 1s possible that when they are predominant, they
at least partially fulfilled the function of tL. FA number they replaced.

In view of the reduction in intestinal vitamin synthesis during
the 6-week period attributable {o the space-type diets (Table 35), it is considered
essentizl to focus greater attention on the maintenance of the normal flora for any

long-term space mission.

b. Ammonia Production

In any consideration of intestinal bacterial metabolisms, impor-
tance should be attached to the production of ammonia by bacterial degradation in
the colon. This ammonia production depends not only on the kinds of organisms
present in the gut, but also the nature of the substrate that reaches the lower in-
testine(%). At least 25% of the circulating urea is metabolized in the gastro-
intestinal tract(27) .

Deamination, which is the result of bacterial action on the sub-
strate, occurs in the intestinal mucosa and is a recognized function of bacterial
physiology(&).

In fact, Silen et 31(28) showed that the large intestine is the
source of a2 considerable quantity of ammonia and that the amount of ammonia
normally delivered from the intestine to the blood may be reduced by oral admin-

istration of neomycin.

A comparison of the ability of the predominating fiora in each
experiment to form NHg would indicate that the predominating flora in Experiment
V had a much lower percentage abilily to convert substrate to ammonia, as did
those predominates on Experiment VII, however, two of the predominates of this
experiment have not been studied for NHgq conversion. This diminution of the
ability of the predominating flora to convert the substrate to ammonia could lead

to serious consequences on long-term space missions.
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c. Decarboxylation of Amino Acids

Enzymatic decarboxylation of amino acids may have significant
effects on the human colon ecoiogy, since the decarboxylation product of amino
acide mav include {oxic amines. Im aadilion, pdieni vasoconstricting compounds
may be formed as byproducts of bacterial metabolism. The four amino acids
which commonly cccur in humans and were used in screening the FA cultures
were lysine, histidine, tyrosine, and arginine; their corresponding amines are

cadaverine, histamine, tyramine, and agmatine, all of which are vasoconstrictors.

The delicate balance of the concentration of these naturally
occurring physiologically active substances (decarboxylators) in the digestive
tract may be upset by dietary resiriction, resulting in the failure of bacteria io
remove toxic amines from the intestine. This is of particular importance in the
administration of certain drugs which inhibit the action of intestinal enzymes that
inactivate otherwise toxic amines. These drugs include Niamid %, Morphan ¥ ,
Entonyl &, Parnote @ and Nardil @ Alone, these drugs may be beneficial,
but in association with foods high in amines, or in individuals whose intestinal |,

flora is not functioning properly, they may cause serious medical consequences(2 )

.




SECTION V

RECOMMENDATIONS

The study pointed out several areas requiring further investigation and areas

which merited more specialized research. For example, until the present study,
no particular significance had been attributed to the role of the predominating fecai
anaerobes in the maintenance of a faverable vitamin balance. Based upon this study,

the following major recommendations are made.

1,

A complete microbiological screening of potential subjects should be insti-
tuted prior to confinement. This screening should include: (a) determination
of coagulase positive staphylococci strains from all body areas; (b) determin-
ation of possible presence of beta hemolytic streptococci; (c) determination
of possible presence of fungi, particularly in the foot or groin area; and (dj
the feces should be cultured at least twice tc determine the presence of
potentially pathogenic members of the Enterobacteriaceae. This screening
would serve to ensure the health of the subject by eliminating any carriers

of potentially pathogenic organisms prior to the study.

Study the effect of various antibacterial agents such as BAC, pHiso-Hex @
Safeguard Y7 soap, on the skin flora of man. Do this by treating one portion
of the groin with the ageni, and using only water or relatively pure soap on
the other portion of the groin. Ivory “soap was used during the baseline
studies, however, any other comparable soap (i.e., nonperfumed and non-
medicated) would be acceptable. Follow both areas microbiologically. This
should be done in order to determine whether any particular agent was more
desirable than the others tested.

Tr, certain hygienic procedures (i.e., showers two times a day allowing
foam to dry on body) for one week prior to entry into the simulator to see
if this regimen substantially lowers total counts and for this reason proves
advantageous.




8.

Compare information recovered from a one-plate identification to that
recovered from the use of varied media and i

- ==t < -—

ne piate could he nsed

rathec than four plates, the culturing would be streamlined.

Determine the vitamin B production, the deaminating and decarboxylating
activities of FA-17, FA-18, and the GD series in order tc evaluate their
function as members of the predominating anaerobic fecal population {which
seems to result from the space type diet). If certain types of diets cause a
substantial lowering of production of the B vitamin by bacteria, fcrtification
of the diet may be necessary. If the total deaminating and decarboxylating
activities of the predominates are radically changed, animal work should be
performed to more fully evaluate the effects of this shift in flora.

The identification of bacteria at the present time is a relatively long process
usually requiring the services of expert persomnel. To monitor critical body
areas and environmental sites in space missions, & methodology must be
developed which will allow identification of the original culture by personnel
not highly trained in microbiology.

The predominating organisms found on the dermis are members of the
corynebacteria. The identification of many strains has been impossible and
additional research should support both their identification and the study of
strain characteristics in order to evaluate the presence of various strains
on or in particular body areas. It may develop that certain strains have
antibacterial properties against transient microorganisms- if this is true
no hygienic procedure should be used that will curtail the growth level of
these normal inbhabitanis.

Determine in vitro antagonistic properties of predominating anaerobes
against pctentially pathogenic members of Enterobacteriaceae. In the
delicately balanced fecal flora, certain pathogens seem to be held in check
by undetermined factors produced by other bacteria. Since the anaercbes
are present in the most significant numbers, it is logical to determine their
in vitro antagamistic properties.
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APPENDIX I

PHIC COMPARISON BETWEEN CORYNEBACTERIA AND STAPHYLOCOCCI
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TABLE 5. FREQUENCY OF AREA 5AMPLING

Experiment Number
Body Area V* VI* VI VII* xX* Total**
Scalp 4 4 3 3 3 17
Ear 14 16 16 16 3 65
Eye 14 4 3 3 3 27
Nose i4 16 16 16 12 74
Gingival 12 12
Mouth 4 16 16 16 52
Throat 14 16 16 16 12 74
Axilla 14 16 16 16 12 76
Forearm 4 4 3 3 3 17
Umbilicus 14 4 3 3 3 27
Groin 14 16 16 16 12 76
Glans penis 14 16 16 16 12 64
Anal fold 14 4 3 3 12 36
10 12
Feces (2) men | (&) men 14 14 12+1° | 64-66
(2) men | (2) men

Toes 4 4 3 3 12 26
Electrode area 2 3+1 e 5(6)
Room Areas t
Tables

Fore 20+1° 16 19 16 13 84

Aft 20 16 19 16 13 84
gg{f; Dersonal 20 16 .9 16 13 84
Bed 20 16 19 16 13 84

e 1 extra sample taken .
* Numbers represent one man, for total experiment multiply by 4.
** Totals should be multiplied by 20 for the total number of samples taken.
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